Two-photon width of rjb, r]' b and rj' b ' from Heavy-Quark Spin Symmetry 
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We predict the two-photon width of the pseudoscalar bottomonia, r 77 (?7i,), ^-ytiVb) an d Tttiv'b) 
within a Heavy-Quark Spin-Symmetry setting following the same line as our recent work for the 
corresponding decays for charmonia. Binding-energy effects are included for excited states and 
are shown to shift up the rj' b and n' b ' widths by 10 %. We point out that the essentially model 
independent ratio r 77 (r;f,)/r^(T) and the branching ratio BRljjb — * 77) obtained could be used to 
extract the coupling constant a s . 
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PACS numbers: 13.20.Gd 13.25.Gv ll.10.St 12.39.Hg 



I. INTRODUCTION 

In this brief report, we calculate the two-photon width 
of the pseudoscalar bottomonia, Ty^(i%(nS)) using the 
same straightforward approach as in |l| which employs 
an effective Lagrangian satisfying heavy-quark spin sym- 
metry 0, H [f. Since the 6-quark mass is significantly 
higher than the c-quark mass, we expect the approxima- 
tions in our approach to hold better. 

For the time being, only a single candidate for the 
ground state (r/h) has been found by the Aleph collabora- 
tion p|, its mass was evaluated to be 9300 ±28 MeV 0,0- 
The Potentiality for its observation at the Tevatron was 
also analysed in Q ■ 

On the contrary, all the corresponding vector states 
below the BB threshold have been observed and their 
leptonic-decay width measured. Indeed, the T(IS') mass 
is 9460.30±0.26 MeV and its leptonic width Y a is 1.340± 
0.018 keV, M T(2S) is 10.02326±0.00031 GeV, T ei (T(2S)) 
is 0.612 ±0.011 keV, M T(3S) is 10.3552 ±0.0005 GeV and 
finally r^-(T(35)) is 0.443 ± 0.008 keV 0. For recent 

reviews on new mesons, see nil 11a. 

From these widths, we can extract fxfnS)- With 
f Vb (nS) ~ h(nS) -following Heavy-Quark Spin Sym- 
metry (HQSS)- we can predict the corresponding two- 
photon decay rates of the t]b(nS). For the 25* and 3S 
states, we are also able to refine the procedure by in- 
cluding binding-energy effects as a function of the to-be 
measured r\' h and rft masses. Moreover these decay con- 
stants could also be computed via sum rules or lattice 
simulations 0. 

As in Q, the effective Lagrangians, which we use for 
the coupling of the bb pair to two photons and to a dilep- 
ton pair ££, are: 
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2 +b Vb M r]b ) in ci contains the binding- 
and is obtained from the denomina- 



tor of the bottom-quark propagator. b, qb (— 2mb—M 7]b ) is 
the bound-state binding energy and Mq its mass (in or- 
der to be consistent, we keep only terms linear in b^, 
since the 0(q 2 /ml) terms have been neglected in the 
propagator). Since Aqcd <C nrih the above effective La- 
grangians should work better for bottomonia than for 
charmonia. 

Defining (0|67^6|T) = / T M T £", similarly to Q, we 
have for the leptonic width 
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Using Mt/x = 121^(0) | 2 [HI, the non-relativistic result 
of Kwong et al. |16| is recovered. 

Similarly, with (0|6 7 ^7 5 % h ) = if^P^, the T) b (nS) 
width into two photons is readily obtained: 
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the factor \ being the Bose-symmetry factor. 

NLO corrections are taken into account thanks to 0] 



^NLO/Z c 



a s 16 



(4) 



Apart from predictions of decay rates, it is also very 
fruitful to consider ratios of decay rates, since in some 
interesting cases radiative corrections cancel out -up to 
a shift of the renormalisation scale due to different bot- 
tomonium masses, that we can safely neglect. 

Indeed, a very convenient way Q to calculate decay 
width of excited-pseudoscalar states (r]' h and r] b ) is to use 
the following relation derived from Eq. @, Eq. (j3J) and 
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HQSS: 

/ Ml +b Vb M Vb \ 2 
F 17 (r] b (nS)) = r 77 (?7 6 ) — — — 

\ M r, b (nS) + K(nS)M Vb(nS) J 

K(nS) / r e+e -(T(nS))M T(nS) \ 
Ml \T e+e -(T(lS)) M T(1S) )' 

(5) 

where the bracket in the second line is equivalent to 

f "jj ( " s) . Its main asset is to provide with predictions in- 

dependent of radiative corrections as soon as r 77 (7jh), 
T e + e - (T{nS)) and r e + e -(T(15)) are known. 

We can also consider the ratio of r 77 (77;,) over T^(T). 
For the ground state 775 , the effect of the binding energy 
b Vb , which depends on the pole mass (around 4.75 
GeV [UJ), is small and can be neglected. Including NLO 
corrections, from Eq. Q, we find: 

Finally, we can compute the branching ratio into two 
photons which is given |l6l | by 

T gg (r] b ) 2 a% \ n J 

This relation is expected to give a good prediction for 
the rjb — > 77 branching ratio since a corresponding ex- 
pression for rj c gives the rj c — > 77 branching ratio in good 
agreement with experiment. 

II. RESULTS 

Inserting the experimental value of T e + e - (T), 1.340 ± 
0.018 keV, as well as its mass, in Eq. (J2J, we get an 
estimate of fx, 836 MeV, taking into account NLO cor- 
rections thanks to Eq. Q (we have set a s (M-f) = 0.16). 
For excited T states, we correspondingly get fy at 583 
MeV and 504 MeV for the T". 



As suggested by HQSS, we suppose the equality be- 
tween /x and f nb ; from Eq. with fe^ns) — 0, 
we obtain the following evaluation, r 77 (?7b) = 560 eV 
(a s (M r ) = 0.16, M m = 9300 MeV) . 

Extrapolating HQSS to 2S states, i.e. /x(2S) = JW an d 
/t(3S) = fr\" , and neglecting mass effects (b — 0, Mq = 

2m b ), we obtain from Eq. © T M) = T Jr] b )^Sl = 

i i 11 Jt(is) 

250 eV as well as r 77 (^') = r 77 (r? b )#^ = 187 eV. 

11 11 J-r(is) 

To take into account binding-energy effects, we need to 
evaluate b Vb (2S) and ^(35) and thus a prediction of their 
mass. We shall use 10.00 GeV for the r] b (2S) and 10.35 
GeV for the 7] b (3S) following the predictions of 0,0- 

Inserting our evaluation of T^ 7 (r] b ) in Eq. (J5J, we even- 
tually obtain T 77 (??;,) = 269 eV & r 77 (^') = 208 eV. A 
variation of ±25 MeV in the mass of 7] b (2S) and i] b (3S) 
only affect our prediction by 1-2 eV and it is therefore 
negligible. We conclude that the introduction of mass 
effects has shifted up the widths by about 20 eV. 

Again, in Eq. (JSJ), the radiative corrections are can- 
celled up to corrections due to differences in the scale of 
a s and can be also used to predict the width of i] b (2S) 
and rj b (3S) once an experimental value for T^(r] b (lS)) 
is available. 

Another point underlying the importance of measuring 
the two-photon width of rj b lies in the fact that the ratio of 
the two-photon decay rate of r] b to the T leptonic width, 
as given by the quantity R Vb in Eq. ©, depends essen- 
tially on the QCD coupling constant a s . Since HQSS 
is found to work for rj c and since it is expected to work 
better for ?] b , this relation could be used to determine 
in a reliable way the value of a s for the process. Given 
the measured value of a s at Mz, the momentum scale 
at which a s is to be evaluated here could be in principle 
be fixed with R Vb . This ratio was also considered in the 
context of the nonrclativistic renormalisation group ap- 
proach at NNLL 0| . For a recent review on pNRQCD, 
see [20|. 

As done in the past with the leptonic and hadronic 
branching ratio for T [Til l2lj , one can further check the 
consistency of the value for a s by considering also the 
branching ratio for rj b — > 77 which is given by Eq. 0. 



r 77 This paper Sch. [22] Lak. [17] Ack. [23] Kim [24] Ahm. [25] Mun. [26] Eb. [27] God. [18] Fab. [28] Pen. [19] 
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TABLE I: Summary of theoretical predictions for T 11 (r/i J ), F 77 (^) and r 77 (^'). (All values are in units of eV). 



III. CONCLUSION excited pseudoscalar charmonium rj' c whereas it is usu- 

In , we have recently stressed that there may exist a 
specificity in the two-photon decay of the first radially- 



3 



ally the production of heavy-quarkonium which creates 
the greatest debates (for recent reviews, see (2t| l30|V 
More specifically, we have shown that the inclusion of 
the mass effects for rj' c -supposedly important for excited 
states- worsens the comparison between theoretical ex- 
pectation and the recent measurement by the CLEO col- 
laboration |3lj . 

In this work, we have evaluated the two-photon width 
of the pseudoscalar bottomonia T]b(nS) through the sim- 
ple application of HQSS. For n > 1 states, we have 
taken into account binding-energy corrections, or equally 
speaking mass effects. They amount to up to 10 % and 
our prediction depend little on the value of their mass. 



As HQSS and local operator expansion are supposed to 
hold better for ground-state bottomonia, the forthcoming 
measurement of T 11 (r]i ) (lS)) would allow a determination 
of the a s coupling constant. We note also that our three 
predictions for the r]b(nS) two-photon width (as well as 
the one from rcf. 28] for r 77 (rjb{lS)) which is also based 
on spin symmetry) differ significantly from a number of 
other predictions (see Table JIJ). It would be also very in- 
teresting to have experimental indications whether or not 
heavy-quark spin symmetry could be broken for excited 
states, in view of the aforementioned possible anomaly 
for r 77 (r£). 
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